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(74) Agent- Patent Attorney Akio Takahasi (and another) 

(54) [Title of the Invention] TIME ADJUSTING METHOD AND TIME 
ADJUSTMENT SYSTEM 
(57) [Abstract] 

[Object] To eliminate influence of transmission time delay and processing 
time delay, the influence being included in a standard time, and to provide a 
highly accurate time correction system. 

[Solving Means] A task processing device 110 transmits a time request 

at a time TO, and the time request is accepted by a synchronization device 
100 at a time Tl' after a transmission time delay Atdl. Since an MPU 101 
instructs an interface circuit 104 to inhibit acceptance of a request from a 
different device, and then extracts standard time T2 from a GPS signal via a 
time data extracting circuit 102, processing time delay Atd2 from the 
acceptance to the extraction is kept constant. The task processing device 
110 calculates an error e of an internal clock 112 from T2 and Atd2 included 
in a response signal based on Equation e=(T0+Atdl)-(T2-Atd2). 
[Claim l] A time correcting method of correcting a time of an internal clock 
by receiving a highly accurate standard time from a synchronization device, 
the method being characterized in that 

the synchronization device receives a time request from a requester 
after a transmission time delay, controls a processing time delay after 
acceptance of the request so that the processing time delay is kept constant, 
and the synchronization device extracts the standard time, and then 
transmits the standard time and the processing time delay to the requester, 
and 

the requester corrects the time of the internal clock based on an error 
obtained by subtracting the received standard time from the sum of the 
transmission time delay, the processing time delay, and a request time 
indicated by the internal clock having transmitted the time request. 
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[Claim 2] The method according to claim 1, characterized in that, when 
the time request is accepted, the controlling of the processing time delay, is 
inhibition of acceptance of a time request from a different device so that the 
acceptance is made impossible, and then the standard time is immediately 
extracted. 

[Claim 3] The method according to claim 2, characterized in that the 

processing time delay can be calculated based on machine cycles 
corresponding to the time period from the acceptance of the time request to 
the extraction of the standard time. 

[Claim 4] The method according to any one of claims 1 to 3, 

characterized in that the standard time and the processing time delay are 
transmitted by use of the data on a result obtained by subtracting the 
processing time delay from the standard time. 

[Claim 5] The method according to any one of claims 1 to 4, 

characterized in that the transmission time delay can be calculated based on 
a transmission rate and a length of data transmission, which are defined by 
a data transmission protocol. 

[Claim 6] A time correction system for correcting time of an internal 
clock of a task processing device by connecting a synchronization device 
including a standard clock to the task processing device including the 
internal clock via a transmission line, and by transmitting the highly 
accurate standard time from the synchronization device, the system 
characterized in that the synchronization device is provided with I/O 
interface means, standard time extraction control means, and response 
signal generating means, 

the I/O interface means accepting a time request from the task 
processing device, and which outputting a corresponding response signal 
thereto, 

the standard time extraction control means controlling a processing 
time delay after the reception of the request so that the processing time 
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delay is kept constant, and the standard time extraction control means 
extracting the standard time from the synchronization device, and 

the response signal generating means generating, as a response 
signal, a signal including one of the extracted standard time and data on a 
result obtained by subtracting the processing time delay from the standard 
time, and 

the task processing device includes time correcting means and 
correction data storing means, 

the time correcting means correcting the time of the internal clock 
by performing subtraction or addition based on an error obtained by 
subtracting the standard time from the sum of the processing time delay, a 
request time indicated by the internal clock having transmitted the time 
request, and a transmission time delay during which the request is 
transmitted to the synchronization device, and 

correction data storing means storing at least the request time and 
the transmission time delay therein. 

[Claim 7] A time correction system for correcting time of an internal 
clock of each of a plurality of task processing devices, each of which includes 
an internal clock, by connecting a synchronization device including a 
standard clock to the plurality of task processing devices via transmission 
lines, and by transmitting the highly accurate standard time from the 
synchronization device, 

the system characterized in that the synchronization device includes 
I/O interface means, standard time extraction control means and response 
signal generating means, 

the I/O interface means accepting a time request from a requester, 
outputting a corresponding response signal thereto, and the I/O interface 
means including an acceptance control function for making acceptance of a 
time request possible or impossible depending on an instruction, 

the standard time extraction control means outputting to the I/O 
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interface means, the instruction for making acceptance of a different time 
request impossible, after the acceptance of the time request, then 
immediately extracting the standard time from the standard clock, and 
making constant processing time delay from the acceptance to the extraction 
constant, 

and response signal generating means generating, as the response 
signal, a signal including the extracted standard time or data on a result 
obtained by subtracting the processing time delay from the standard time, 
and 

each of the task processing devices is provided with time correcting 
means and correction data storing means, 

the time correcting means correcting a time of each of the internal 
clocks by determining whether or not the synchronization device is in an 
acceptance possible state to transmit the time request via a corresponding 
one of the transmission paths, by then accepting the response signal, and by 
performing subtraction or addition based on an error obtained by subtracting 
the standard time from the sum of the processing time delay, the request 
time indicated by the internal clock of the time request, the transmission 
time delay during which the time request reaches the synchronization 
device, 

and correction data storing means storing at least the request time 
and the transmission time delay. 

[Claim 8] The system according to any one of claims 6 and 7, 
characterized in that the response signal only includes the standard time, 
the processing time delay is transmitted to each of the task processing 
devices from the synchronization device when the system is booted, and the 
processing time delay is then stored in the correction data storing means. 
[Claim 9] The system according to any one of claims 6 to 8, 
characterized in that, in the case where it is difficult for the standard time 
extraction control means to perform processing normally due to occurrence of 
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abnormality in the synchronization device, the synchronization device 
transmits a response signal representing the abnormality to any task 
processing device being requesting time or all of the task processing devices, 
and inhibits the I/O interface means from accepting the time request,. 
[Claim 10] The system according to any one of claims 6 to 9, 
characterized in that the standard time clock device includes a GPS signal 
receiver. 

[Detailed Description of the Invention] 
[0001] 

[Field to which the Invention Pertains] The present invention relates 

to a method of correcting an internal clock, for example, of a calculating 
device based on a standard time from a synchronization device, and relates 
to a time correction system for correcting an internal clock of each of a 
plurality of processing devices through a transmission path. 
[0002] As a method of correcting an error of an internal clock of a calculator, 
known is a method of synchronizing a clock of a slave station to that of a 
master station by sending time data of the clock of the master station to the 
slave station, the method being as described in Japanese Patent Laid-Open 
No. Hei 4-121691 (Cited Example l). 

[0003] Another method is also known of correcting a time of a clock device 
by using highly accurate time data extracted from a GPS signal received by a 
GPS receiver, the method being as described in Japanese Patent Laid-Open 
No. Hei 5-249221 (Cited Example 2). 
[0004] 

[Problems to be Solved by the Invention] In Cited Example 1, a time delay 
associated with a transmission path connecting a master station with a slave 
station is corrected. However, no consideration has been given to a 
processing time delay which is taken to actually correct time in the slave 
station after receiving time data and then. In addition, in Cited Example 2, 
a standard clock device transmits GPS time data to each of a plurality of 
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clock devices. However, in a case of a general system in which each of the 
clock devices processes a different application processing delay occurs as 
Cited Example 1. 

[0005] In the conventional techniques, as described, a transmitter of a 
standard time unilaterally transmits the standard time to a receiver without 
taking into consideration a processing state of a receiver of the standard time. 
For this reason, a delay may be caused due to a waiting time for processing 
depending on the operational state of the receiver, thereby making an 
accurate time correction difficult. Moreover, such a processing delay due to 
processing is further exacerbated in a case where a plurality of receivers 
exists, and also the degree of delay varies depending on a system 
configuration. 

[0006] An object of the present invention is to solve the problems of the 
conventional techniques, and to provide an accurate time correcting method 
of correcting time with taking a processing delay into consideration. 
[0007] Another object of the present invention is to provide a time correction 
system for accurately correcting an internal clock of each of a plurality of 
processing devices, based on a standard time transmitted from a 
synchronization device. 
[0008] 

[Means for Solving the Problems] In the present invention, an error e of 
an of an internal clock of a requester is represented by a difference between a 
request reaching time Tl', at which a request reaches a synchronization 
device, and which is indicated by the internal clock of the requester, and a 
request reception time Tl, at which a request reaches a synchronization 
device, but which is indicated by a synchronization device. The request 
reaching time Tl' is the sum of a request time and a transmission time delay 
calculated based on a protocol. The request reception time Tl is a result 
obtained by subtracting the processing delay of the time from the reception 
to the extraction from the extracted standard time. Hence, the error e of the 
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internal clock can be precisely obtained by maintaining the processing delay 
At at a certain value. This is the basis of the present invention. 
[0009] Specifically, the above-described object is achieved by use of the 
following method. The method is a time correcting method of correcting 
time of an internal clock by receiving a highly accurate standard time from a 
synchronization device. In the method, the synchronization device receives 
a time request from the requester after the transmission time delay, then 
extracts the standard time while controlling the processing time delay after 
accepting the request so that the processing time delay is kept constant. 
Thereafter, the synchronization device transmits the standard time and the 
processing time delay to the requester. In the method, the requester 
corrects the time of the internal clock based on an error obtained by 
subtracting the received standard time from the sum of the transmission 
time delay, the processing time delay, to the request time indicated by the 
internal clock having transmitted the time request. 

[0010] The controlling of the processing time delay is characterized in that, 
when the time request is accepted in the controlling of the processing time 
delay, acceptance of a time request from a different device is inhibited and 
then the standard time is immediately extracted. 

[0011] With the above -de scribed configuration, it is possible to calculate the 
processing time delay, based on machine cycles corresponding to the time 
period from the reception of the time request to the extraction of the 
standard time. The processing time delay has a fixed value when the 
above-described controlling is maintained, and the processing time delay is 
stored in the synchronization device. Accordingly, the standard time and 
the processing time delay can be transmitted by use of the data on the result 
obtained by subtracting the processing time delay from the standard time. 
Alternatively, the processing time delay may be transmitted to and stored in 
the requester when the system is booted. On the other hand, the 
transmission time delay can be calculated based on a transmission rate and 
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a data transmission length, which are defined by a data transmission 
protocol. 

[0012] In addition, the above -described object of the present invention is 
achieved by use of the following system. The system is a time correction 
system for correcting time of an internal clock of a task processing device, by 
connecting a synchronization device including a standard clock to the task 
processing device including the internal clock via a transmission line, and by 
transmitting the highly accurate standard time from the synchronization 
device to the task processing device. In the system, the synchronization 
device is provided with I/O interface means, standard time extraction control 
means, and response signal generating means. The I/O interface means 
accepts a time request from the task processing device and outputs a 
response signal. The standard time extraction control means controls a 
processing time delay after the reception of the request so that the 
processing time delay is constant, and the standard time extraction control 
means extracts the standard time from the synchronization device. The 
response signal generating means generates, as a response signal, a signal 
including the extracted standard time or data on a result obtained by 
subtracting the processing time delay from the standard time. In the 
system the task processing device is provided with time correcting means 
and correction data storing means. The time correcting means corrects the 
time of the internal clock by performing subtraction or addition based on an 
error obtained by subtracting the standard time from the sum of the 
processing time delay, a request time indicated by the internal clock having 
transmitted the time request, and a transmission time delay during which 
the request is transmitted to the synchronization device. The correction 
data storing means stores at least the request time and the transmission 
time delay. 

[0013] Alternatively, the above -de scribed object of the present invention is 
achieved by use of the following system. The system is a time correction 
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system in which a plurality of task processing devices are connected to a 
synchronization device. In the system, the synchronization device is 
provided with I/O interface means and standard time extraction control 
means. The I/O interface means accepts a time request from a requester, 
and outputs a response signal. The I/O interface means includes an 
acceptance control function for making acceptance of a time request possible 
or impossible depending on an instruction. The standard time extraction 
control means outputs, after the acceptance of the time request, the 
instruction for making acceptance of a different time request impossible to 
the I/O interface means. Thereafter, the standard time extraction control 
means immediately extracts the standard time from the standard clock, and 
makes constant processing time delay from the acceptance to the extraction. 
[0015] In addition, the standard time clock device is characterized by 
including a GPS signal receiver. 
[0016] 

[Embodiment of the Invention] Detailed descriptions will be provided 

below for an embodiment of the present invention. 

[0017] FIG. 1 is a configuration diagram showing a time correction system 
of the embodiment of the present invention. The system is configured of a 
synchronization device 100, a plurality of task processing devices 110, 120 
and the like. Note that, although each of the task processing devices in the 
present invention is a calculating device applicable to general-purpose task 
processing, any device may be applicable, such as a controller or a processor 
as long as the device needs an internal clock. 

[0018] The synchronization device 100 includes a GPS receiver 105 
receiving a GPS signal from a GPS antenna 140; a time data extracting 
circuit 102 extracting time data from the received GPS signal; a memory 103 
for storing the extracted standard time and a processing time delay to be 
described below; a serial I/O interface circuit 104 controlling input/output of 
a plurality of time request signals and response signals from/to other 
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devices^ and an MPU 101 controlling the extracting circuit 102, the memory 
103 and the interface circuit 104 via an internal bus 108. 

[0019] The synchronization device 100 is connected to the task processing 
devices 110 and 120 through I/O connectors 106 and 107, via serial 
transmission paths 130, for instance, one conforming to RS232C standards. 
Reference numerals SDI, RD1 and ER1 of a connector 106 denote 
respectively a transmission line, a reception line and a 
transmission/reception possibility notification line. The same manner as 
above can be applied to reference numerals SDn, RDn and ERn of the 
connector 107. 

[0020] The task processing device 110 includes an internal clock 12 having a 
quartz oscillator, and the like; an MPU 111 performing time correction 
processing including requesting time, receiving a response, and correcting 
the internal clock; a memory 113 storing therein correction data such as a 
requested time, a transmission time delay and a response signal; an I/O 
interface 114 transmitting/receiving data to/from the synchronization device 
100; and an internal bus 115 connecting the internal clock 112, the MPU 111, 
the memory 113 and the I/O interface 114. The MPU 111 executes a certain 
application program, for which descriptions will be omitted, when not 
performing time correction processing. Note that the task processing device 
120 is configured as the task processing device 110 is. 

[0021] Subsequently, detailed descriptions will be provided for operations of 
the time correction system of the embodiment. 

[0022] FIG. 2 is a process flow chart showing schematic operations of the 
time correction system. A time request REQ, which is transmitted from the 
task processing device 110 at a time TO of the internal clock 112, is received 
by the synchronization device 100 after a transmission time delay Atdl. Tl 
represents a reception time indicated by the synchronization device 100. 
After a processing time delay Atd2 taken from the reception to the extraction, 
the synchronization device 100 extracts extracted time data T2. A response 
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signal RES including the data T2 or (T2-Atd2) is transmitted to the task 
processing device 110 at a time T3 resulting from delay due to transmission 
and processing. The task processing device 110 receives the response signal 
RES at a time T4 delayed due to transmission delay, and then starts internal 
clock correction processing at a time T5 after a waiting time has passed, 
[0023] As described, in addition to the round-trip transmission time delay 
occurred in the transmission path, various types of processing time delay 
occurred in both of the synchronization device and the task processing device 
is included in the time period taken from the requesting time to the response 
time and further to the correction processing. However, as clear from FIG. 
2, a difference between a request reaching time TT indicated by the task 
processing device 110 and the request receiving time Tl observed by the 
synchronization device 110 is an error e of the internal clock 120 of the 
requester. In this regard, the reaching time TT is a sum of the requesting 
time TO and the transmission time delay Atdl, and the request receiving 
time Tl is a result obtained by subtracting the processing time delay Atd2 
from the extracted time data T2. 

[0024] Accordingly, if the Atdl and the Atd2 are obtained, the error 8 of the 

internal clock of the requester can be obtained by Equation 1, 

[0025] 

[Equation l] £=T1'-T1=(T0+Atdl)-(T2-Atd2) 

The transmission time delay Atdl of the equation 1 is a fixed value which can 
be calculated from a communications method of the system. In addition, 
the processing time delay Atd2 can be calculated by use of a number of 
machine cycles corresponding to the time period from the request reception 
to the extraction at the time T2, by controlling Atd2 in order that Atd2 has a 
certain value as described below. 

[0026] As a result, in the embodiment, it possible to correct time with higher 
accuracy by only taking into consideration two types of time delays which 
can be calculated, although various unspecified types of time delays are 
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included in the time period between the time request and the correction at 
the response time. 

[0027] FIG. 3 is a flowchart showing a processing procedure carried out by 
each of the task processing devices. FIG. 4 is a flow chart showing a 
processing procedure carried out by the synchronization device. With FIGS. 
3 and 4, detailed descriptions will be provided below of the procedure of the 
time correction processing. 

[0028] The task processing device 110 usually starts the time correction 
processing on a regular basis. First, the task processing device 110 
determines whether or not the synchronization device 100 can receive the 
time request signal REQ (s30l). This determination is made based on an 
ON/OFF state of the ER1 signal of the serial transmission path 130. In a 
case where the ER(l) signal is on and thus the synchronization device 100 
can receive the time request signal REQ, the task processing device 110 
transmits the time request REQ to the synchronization device 100 (s302). 
Concurrently, the task processing device 110 stores in the memory 113 the 
request time TO indicated by the internal clock 112 (s303). 
[0029] The synchronization device 100 stands by in a request acceptance 
possible state when accepting no request. Upon receiving the time request 
signal REQ (s40l), the synchronization device 110 determines whether or not 
a processing state thereof is in a request acceptance possible state (s402). 
In this regard, the processing time of s401 corresponds to the reception time 
Tl. However, the time Tl is a virtual value for explaining the idea of the 
invention, and thus needs not be an actual value. 

[0030] Here, the synchronization device 100 is in a request acceptance 
impossible state when not capable of providing time information because of 
some sort of reason. The reason may be, for instance, that the 
synchronization device 100 is in a state of processing the time request REQ 
from a task processing device other than the task processing device 110, or 
that the synchronization device 100 has trouble. 
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[0031] To deal with the former reason, as a normal processing in the request 
reception possible state (s403), the synchronization device 100 instructs the 
serial I/O interface circuit 104 to set OFF all ER(i) signals other than that of 
the connector connecting to the task processing device whose request is 
received and processed by the synchronization device 100. Accordingly 
acceptance of entries of requests from other task processing devices are 
inhibited. 

[0032] On the other hand, when in the state where the synchronization 
device 100 is in trouble because of some sort of reason, the synchronization 
device 100 operates as follows. The synchronization device 100 generates a 
response signal RES including a code of each type of signal, which represents 
an abnormal response, and a cause code in a data part (s408). Accordingly, 
each of the task processing devices is notified of the abnormality (s409). In 
addition, the synchronization device 100 sets OFF the ER(i) signals of all 
connectors to inhibit the acceptance of requests (s410). Note that Steps 
s408 to s410 may be carried out as the highest priority when the abnormality 
is detected, by providing a checking function independent from the standard 
time response processing. In this case, Step s402 will be omitted. 
[0033] Upon receiving the response signal representing the abnormal 
response (or a certain cause code), each of the task processing devices sets 
retrying possibility determination processing (s309) as retryimpossible (N) 
(s31l). This setting makes time requests thereafter impossible, and an 
error processing is carried out (s310), and the time correction processing is 
suspended. 

[0034] The above -described operations prevents the task processing devices 
from endlessly repeating retrying of time requesting. Note that, when no 
cause of abnormality exists, the MPU 101 instructs the interface circuit 104 
to set ON the ER(i) signals of all connectors, and, the synchronization device 
101 returns to the request acceptance possible state. 

[0035] After receiving the time request REQ and thus inhibiting the 
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acceptance of other requests, the synchronization device 100 extracts the 
standard time data T2 at that time point (s404) to generates a normal 
response signal RES (s405). The normal response signal RES includes a 
code representing a normal response of each type of signal, and, in a data 
part, the extracted time T2 or the data on a result obtained by subtracting 
the delayAtd2 from the extraction time T2 (=T2-Atd2). 

[0036] Subsequently, the synchronization device 100 transmits the normal 
response signal RES to the requester (s406), and then instructs the I/O 
interface circuit 104 to set ON the ER(i) signals of all connectors. 
Accordingly, the synchronization device 100 returns to the 
request acceptance possible state (s407). 

[0037] On the other hand, the task processing device 110 receives the 
response signal RES (s304). Then, once confirming the response signal is 
normal one (s305), the task processing device 110 reads out the data part of 
the response signal (s306) to store in the memory 113 the data T2 or the 
resultant data (T2-Atd2) (s307). 

[0038] Subsequently, the task processing device 110 corrects time of the 
internal clock based on the difference between the time of the internal clock 
and the standard time (s308). Arithmetic operations are performed on the 
current time T of the internal clock based on Equation 2 so that the time 
thereof is updated. The time thereof is updated by rewriting a time data 
memory included in the internal clock 112, the time data memory not 
illustrated. 
[0039] 

[Equation 2] 

T=T-8=T-(T1'-T1)=T-(T0+Atdl)+(T2-Atd2) 

In the equation, when the time of the internal clock goes after the standard 
time, e<0. Thus, the current time T of the internal clock is set ahead by | e I . 
On the contrary, when the time of the internal clock goes ahead the standard 
time, e>0. Thus, the current time T of the internal clock is set back by 8. 
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[0040] Subsequently, descriptions will be provided for the transmission time 
delay Atdl and the processing time delay Atd2. 

[0041] The transmission time delay Atdl represents a length of time taken 
for the data transmission of the request signal REQ or the response signal 
RES, and can be calculated based on a data transmission protocol. 
Specifically, when v (pbs) represents a data transmission rate, and L (bit) 
represents a length of the transmission data, Atdl is a fixed value calculated 
based on Equation 3. 
[0042] 

[Equation 3] Atdl=L/v 

In addition, the processing time delay Atd2 is a length of time taken for the 
processing time based on the reception time Tl of the time request to the 
extraction of the standard time data T2, and can be calculated from MPU 
machine cycles of the time. 

[0043] Specifically, three machine cycles are necessary to recognize the 
device having transmitted the time request, to instruct the interface circuit 
104 to inhibit acceptance of requests from other devices, and to read the 
standard time T2 from the time data extracting circuit 102. Note that the 
time data extracting circuit 102 extracts the standard time from the GPS 
signal in real time. 

[0044] Accordingly, the processing time delay Atd2 is calculated based on 
Equation 4, and thus is a fixed value of the standard processing device. 
[0045] 

[Equation 4] Atd2=machine cycle/f=3/f 

In the equation, f represents an operational frequency of the MPU of the 
synchronization device. 

[0046] As described, the accurate time correction using the transmitted 
standard time is possible, since, the transmission time delay Atdl and the 
time extraction processing time delay Atd2 are given as the fixed values, once 
the device configuration and the data transfer protocol are determined. 
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Note that, in the descriptions given above, the followings are carried out in 
the case where the normal response signal RES includes only T2 as the 
transfer data. When the system is booted, Atd2 is transmitted by the 
synchronization device to each of the task processing devices, and is stored 
therein. Accordingly, the transmitting of Atd2 each time of time correction 
is unnecessary. 

[0047] Note that, in the time correction system of the embodiment, the 
response of the standard time is made in response to a time request from 
each of the plurality of task processing devices. In this case, when one time 
request is already accepted and is being processed, entries of requests from 
other devices are cancelled as described. 

[0048] Fig. 5 is a time chart showing operation timings of the 
synchronization device. One clock cycle of a clock signal a of the 
synchronization device 100 corresponds to one machine cycle described above. 
Once receiving a time request signal b when an accepting state signal c, 
which represents permitting/ inhibiting of the request acceptance, indicates 
that acceptance of a request is possible (HIGH), the synchronization device 
100 identifies the requester of the time request signal (task processing device 
110) in one machine cycle (tl). Thereafter, the synchronization device 100 
controls the accepting state signal cso that the acceptance of time requests is 
not possible (LOW) (t2), and then extracts the standard time data (t3). 
This time period, in other words, the time period taken from the acceptance 
of the request to the extraction of the standard time takes three machine 
cycles. Subsequently, the synchronization device 100 generates a normal 
response signal e (t4), and then transmits the signal (t5). After the 
transmission, the synchronization device 100 controls the acceptance state 
signal cto be HIGH (t6), so that requests from other devices can be accepted. 
[0049] As described, upon receiving a time request from one of the devices 
and identifying the device, the synchronization device of the system has 
control acceptance of requests so that entries of requests from other devices 
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are inhibited. Accordingly, the processing time period from the acceptance 
of the request to the extraction of the standard time, that is, the processing 
time delay Atd2 is always kept fixed. Hence, it is possible to avoid 
processing time delay, for example, due to waiting time resulting from 
conflicts between requests, thereby making it possible to precisely correct a 
time of each of the plurality of devices. In addition, the system can be 
flexibly configured without since the system is not affected by decrease and 
increase in the number of task processing devices. 

[0050] Note that, although the synchronization device uses the GPS signal 
as the standard time in the method of the embodiment of the present 
invention, the present invention is not limited to this. It is possible to use 
any standard time of various methods. For instance, a time signal by TV, 
radio or public line can be used as a standard time. 
[0051] 

[Effect of the Invention] With the present invention, an effect of 

precisely and simply correcting time is brought, because a time delay due to 
processing from reception of a request to extraction of a standard time can be 
controlled and is kept constant, and an error of an internal clock of a 
requester is obtained from the processing time delay and transmission time 
delay determined based on a transmission method. 

[0052] In the present invention, a synchronization device makes a response 
of the standard time in response to a time request from a task processing 
device. In addition, the synchronization device eliminates conflicts between 
requests to keep the above-mentioned processing time delay constant. 
Accordingly, the present invention makes it possible to provide a flexible 
system capable of precisely correcting time of an internal clock of each device 
regardless of change in system configuration. 
[Effects of the Invention] 
[0052] 

[Brief Descriptions of the Drawings] 
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[Fig. 1] Fig. 1 is a configuration diagram showing a time correction system of 
an embodiment of the present invention. 

[Fig. 2] Fig. 2 is a flow chart showing schematic operations of the time 
correction system. 

[Fig. 3] Fig. 3 is a flowchart showing a processing procedure of a task 
processing device. 

[Fig. 4] Fig. 4 is a flowchart showing a processing procedure of a 
synchronization device. 

[Fig. 5] Fig. 5 is a time chart showing operation timings of the time 
correction system. 

[Descriptions for reference numerals] 

100, synchronization device; 101, 111, MPU (central processing unit)?* 102, 
time data extracting circuit; 103, 113, memory; 104, serial I/O interface; 105, 
GPS receiver; 106, 107, connector; 110, 120, task processing device; 112, 
internal clock; 114, I/O interface; and 130, transmission path. 
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FIG. 1 

100 SYNCHRONIZATION DEVICE 

102 TIME DATA EXTRACTING CIRCUIT 

103 MEMORY 

104 SERIAL I/O INTERFACE CIRCUIT 

105 GPS RECEIVER 



110 TASK PROCESSING DEVICE 1 

112 INTERNAL CLOCK 

113 MEMORY 

114 I/O INTERFACE 



120 TASK PROCESSING DEVICE n 



140 GPS ANTENNA 



FIG2 



TASK PROCESSING DEVICE 
TO TIME REQUEST (REQ) 
Atdl TRANSMISSION TIME DELAY 



T4 RECEIVE RESPONSE SIGNAL (RES) 

WAIT TIME CORRECTION PROCESSING 
T5 START TIME CORRECTION 



SYNCHRONIZATION DEVICE 
Tl RECEIVE REQUEST SIGNAL 
Atd2 PROCESSING TIME DELAY 
T2 DATA ON EXTRACTED TIME 
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T3 TRANSMIT RESPONSE SIGNAL 



FIG. 3 

5301 REQUEST SIGNAL RECEPTION POSSIBLE 

5302 TRANSMIT TIME REQUEST SIGNAL 

5303 STORE TIME OF INTERNAL CLOCK 

5304 RECEIVE RESPONSE SIGNAL 
S 305 NORMAL RESPONSE 

5306 ANALYZE RESPONSE SIGNAL 

5307 STORE DATA 

S 308 CORRECT TIME OF INTERNAL CLOCK 

5309 RETRY 

5310 PROCESS ERROR 

53 1 1 SET RETRY IMPOSSIBLE 



FIG. 4 

5401 RECEIVE TIME REQUEST SIGNAL 

5402 ACCEPTANCE OF REQUEST POSSIBLE 

5403 INHIBIT RECEPTION OF OTHER REQUESTS 

5404 EXTRACT TIME DATA 

5405 GENERATE NORMAL RESPONSE SIGNAL 

5406 TRANSMIT NORMAL RESPONSE SIGNAL 

5407 SET RECEPTION OF REQUEST POSSIBLE 

5408 GENERATE ABNORMAL RESPONSE SIGNAL 

5409 TRANSMIT ABNORMAL RESPONSE SIGNAL 

5410 INHIBIT RECEPTION OF ALL REQUESTS 



FIG. 5 
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a CLOCK OF SYNCHRONIZATION DEVICE 

b TIME REQUEST SIGNAL (DEVICE1 10) 

RECOGNIZE REQUEST SIGNAL 

c PERMISSION/INHIBITION OF REQUEST RECEPTION 

d EXTRACT TIME DATA 

e GENERATE NORMAL RESPONSE SIGNAL 

f TRANSMIT NORMAL RESPONSE SIGNAL 
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